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THE SEASONAL DISTRIBUTION OF PRECIPITATION AND ITS FREQUENCY AND IhTENSlTY IN THE UNITED STATES. 

By JOSEPH BURTON KINCER, Meteorologist. 
[Dated: Wcather Bureau, Wnshingtan, Oct. 11,1Hl9.] 

SYNoPRI8.-Much has been written on the subject of precipitation 
in the United States, and a number of charts have been repared and 
published showing its geographic distribution. Most o f  these, how- 
ever, have represented the average annual amount, the only other 
available chart, where more than a very limited number of records 
were used, heing that for the summer-half year. 

The need for a series of charts based on a!l availahle records, show- 
ing the seasonal distribution of precipitation in this country has 
long been reco nized, and the accompanying series is presented to 
meet this need! Those here shown consist of 12 monthly charta, 
and 1 for each of the 4 seasons, together with aiixiliary maps for 
the seasons showing the percentaKe of the annual precipitation that 
occurs in each. The month1 and seasonal charts are based on all 
available records of sufficient Lngth for such use, about 3,600 in num- 
ber, reduced to a uniform 20-year eriod. 

There are, in addition, a num!er of graphs showing for selected 
stations reprsenting vanous rainfall types. the total precipitatiou 
in each season for each of the 20 years on which the maps are based. 
These show the relative variations in amount that may be expected 
from year to year in different sections of the countrv, and also rive an 
indication of the dependability of the averages. hi localities where 
the dispersions about the mean value are small, the latter is more 
indicative of the amount likely to he received in a particular year than 
in those where wide variations are shown by the graphs. 

Departures h m  year to year from the averwe precipitation vary 
in magnitude inversely with the len-gth of the season considered. The 
relative variations from the mean for the annual, the mmmer-half 
year, each of the 4 sePson8, and €or each of the 12 months. are graphi- 
cally shown in figure 1, in such manner as to admit of direct compari- 
Eon, as the scales are drawn on a mmpsrable basis. 

In addition to an indication of the lariations from the mean preci- 
pitation ths t are likely to occur, it is im rhn t  in considering the repre- 
sentations of prwipitation charte to t g e  into account the frequency 
with which sqnificant amounts occur, the intensity of falls, and the 
EubnormPl freqnency and duration. Auxiliary charts for use in this 
connection are presented as follows: Shoaing the average niimher of 
days annually m t h  preci itation from 0.01 inch to 0.25 inch in 24 hours; 
the average number of !kys annually with 0.26 to 1 inch; the aver- 
ape annual number m t h  more than 2 inches; the average annual 
number with more than 1 inch in an hour, and the maximum 
precipitation in 34 hours for the entire 20-year period. Also. the per- 
centage of years east of the Rocky Mountains with 30 consecutive 
day8 or more, without 0.85 inch of rainfall in 24 hours from March 
to September, inclusive, and the greatest number of consecutive 
days without. 0.25 inch in 24 hours for the same nionths. These suxil- 
iary charts are based on the records of all regular reporting stations 
for the 80-year period from 1895 to 1914. 

INTRODUCTION-RELATIVE UTILITY OF RAINFALL 
CHARTS. 

Existing charts of the avera e precipitation for the 

monthly charts have been published, but these have 
been based on a limited number of stations and the 
isohyets drawn with little re ard for to o aphy. (See 
Wcather Bureau Bulletins Cf 1894, ancf) ff 1897; also, 
Climatic Charts, edition of 1904.) The annual chart, 
however, is more frequentl consulted, notwithstanding 

significance, especially in all sections where agricultural 
o erations are conducted by ordinary farming methods. 
&e principal difficulty in the appkcation of statistics 

United States are mostly for t !l e year. Seasonal and 

that seasonal amounts o 9 precipitation are of great 

the fact that there 
of the long eriod covered, 

and a disastrous drought 
development may 

total. Furthermore, 
the latter gives no indicat.ion of the seasonal distribu- 
tion, which, agriculturally a t  least, is of great import- 
ance. For esaniple, the average annual precipitation 
in t,he castern portion of South Dakota is between 30 
and 35 inches. This amount of precipitat>ion may, or 
niay not., be sufficient for successful agriculture as ordi- 
narily practiced, de.  ending wholly on t.he seasonal 

evaporation, soil texture and other factors. It is SUE- 
cient in eastern South Dakota, but in a locality with a 
more uniform scasonal distribution and more rapid 
eva oration it would be inadequate. 

many purposes, because of the relatively large fluctua- 
tion in amounts from year to year in so short a period, 
and from the further fact that the means are sometimes 
unduly ma nified by the occurrence of a few ver heavy 

chart-s are less subject to the limitations mentioned for 
annuals and monthlies and are, therefore, better repre- 
sentations of precipitation in its rclation to agriculture; 
consequently their importance can hardly be over- 
emphasized. 

lhe accompanying series of charts includes a map 
showing the averu e aniount of precipitation for tho 

year, Charts I to XII, and one for each of the four seasons, 
Clinrts XI11 to XVI, each based on 3,600 records. 
There are also presented four chart,s, each based on 
1,350 records, showing the percentage of the annual 
amount occurring in c?ach of tlie seasons, figures 1-4, as 
well as graphs indicating for selected stations the varia- 
tions frum year to year in the annual, seasonal, and 
monthly totnls. I n  addition, a few charts indicating the 
relative intensit of rainfall in different sections of the 

features of subnormal rainfall for the warmer season of 
tlie year, are presented, as these factors have t-tn impor- 
tant bearing on the significance of the averages for a 
series of yeam 

portions-o P the year may 

distribution and the I; oca.lity a.s regards the amount of 

h B onthly charts, also, are not ent,irely satisfactory for 

rainfalls w % ich have litt.le agricultural value. B easonal 

. 

different sections o F; the count,ry for each month of the 

country, and t E e frequency and duration of certain 

RECORDS REDUCED TO UNIFORBK 2O-YEAR PERIOD. 

The recmls oil which the mcintlily and seasona.1 charts 
are h s e d  were made at  well-ilist.rihuted poink through- 
out the count,ry, and have heen reduced to the uniform 
period of 20 years from 1S95 to 1914, inclusive. Of these, 
about 1,600 represent actual averages for the period 
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named, with short -breaks interpolated, and. the other 
2,000 have been reduced to this uniform period by the 
method described in the MONTHLY WEATHER REVIEW, 
May, 1917, 45, 333-335. The isohyets were drawn on 
bases showing, by hachures, the topogra hic features of 

outlined in the paper referred to. The latest chart 
of annual precipitation in the United States constructed 
on 'these principles appeared in the MONTHLY WEATHER 
 REVIEW^^^ July, 1917,45, with comment 11 .Prof. R. deC. 
Ward (pp. 335-345; reviewed, Science, 3uly 19, 1915 

the Unitcd States, and in accordance wit R the principles 

pp. 69-71). 

and monthly, the annual has the smallest variations and 
the monthlies the largest, with the seasonal holding an 
intermediate position. 

These dispersions about the mean are shown gra hi- 
cally in their relation to one another in fi ure 1. $he 

gra h: Augusta, ha.; Columbus, Ohio; Omaha., Nebr. ; ant? Miles City, Mont. To visualize comparability, 
the scales for the respective eriods are proportioned to 

is twice as large as the annual, the seasonal twice as 
large as the summer-half year, and the monthly, in turn, 

records of four re resentative stations are 8 s lorn  in this 

their length-that is, the sca P e for the summer-half year 

VARIATIONS FROM AVERAGE RAINFALL. 

Owing to the fact that the significance that attaches 
to an average macle up of variables of different magnitudes 
depends on the nature of the dispersions of the vnriables 
about the average, in considpng precipitation qh4rts 
based on an average for a series of years, the variation 
from year to year should be taken iiito account. These 
are not similar in the Jifferent sections of the country nor 
in different periods of the year, and they also vary with 
the length of the season re resented. For the three . classes of charts under consi 1 eration, annual, seasonal, 

three times as large as the seasonal. This affords a 
direct comparison of disperslons about the mean for tbe 
respective periods and indicates the amplitude of vaya- 
tion, which have an important bearing on the relatlve 
dependability of averages for different seasonal lengths. 
It will be seen from this graph that the annual amounts 
are grouped closely about the mean and that the indi- 
vidual totals from year to ear have rather uniforqlr 
increasing and comparative y pronounced lar er varla- 
tions through the half year, quarter year, anfmonthlp 
representations. 

7 
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RAINFALL TYFES. 

Omitting, for lack of space, a discussion of the indica- 
tions of the individual monthly maps, Charts I to XII, 
we shall briefly consider, in a general way, the seasonal 
distribution of precipitation as indicated by these and 
the four seasonal charts coml.)inecl. A number of dis- 
tinctive types of clistrihtion in the United States are 
well lino-yn, which in some cases, a t  least, are CON- 

aratively uniform over ltirge aretis. Prof. A. J. Henry 
Ras recognized 11 more or less clistinct ty es (see Weather 
Bureau Bulletin D, p. 111, while Prof. #arc1 has pointed 
out 14 types, made composite curves ancl discussed cnc.!i 
(see Geogr. Review, vol. 4, 1917, pp. 131-144; reviewed, 
Science, July, 19, 191S, pp .  71-73). From an agTi- 
cu1tura.I standpoint, and or the purpose of this brief 
discussion, we may consider on.ly sis nncipal types, ns 
a number of the others are lackuig in $stinctive features 
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FIQ. 2. 

to make them of special im ortance, although relevant 
in a technical discussion -0 P rainfall plienomena.. The 
t es considered are Flondn, Emtern, Plains, Arizona, 
&\-pacific,. and Pacific. The Eastern ty e includes the 
originally forested eastern qection of the e nited Stnt,es, 
excepting the Florid a Peninsula where the seasonal dis- 
tribution of rainfall is so distinct tis to become a separate 
type; the Plains type includes the prairie and pltiiiis 
region estencling from the Great Lakes ancl the central 
Mississippi Valley westward to the crest, of the Rocky 
Mountains and southward to Missouri and Oklzihoma ; 
the Arizona type includes western TOSRS, New Mexico , 
and Arizona, as well ns portions of southern Utah alii1 
Xevndn, although it is not well inarketl in the latter 
localities; the sub-Pacific tv e occupies the central untl 

Rockies and the Sierra Nevada and Cascade ranges, ancl 
the Pacific type extends from these ranges westward to 
the Pacific Ocean. 

northcrii portions of the 'P P ateau region between tho 

In this connection it is of interest to inquire as to the 
permanency of these various t es of precipitation; that 

the adoption of a different series of years. If t.lie pre- 
cipitation of the year were ec ually dist,ributed through 

twelfth of the tinnunl amount. Figure 2 resents data 

Calif. ; representing, respect.ively, tlie Eastern, Plaius, and 
Pacific types of precipitntion, indicating the percentage 
vtiriations of the annual amount occurring from month 
to inonth for three consecutive 30-year Ieriods, 1555 t.0 
1Y74, 1S75 to 1594, and 1595 to 1914. d i e  vtmiations for 
the different periods indicat.ed for each of these types nre 
about, in proportion to the res ect,ive fluctuations occur- 
ring from year to year in the inliviciud iiiontlily umount,s; 
that is, the Eastern and Plains types tire niore constant in 
the relative monthly distribution than is the Pacific t pe, 
which is also true for the monthly anioiint of rainfall P rom 
yenr to year. I t  mill be seen t,liat the typicd distribut,ion 
is maintained to a rather remarkable degree in t.he respec- 
tive types in each of the three periods. The graphs indi- 
cate, however, that caut,ion should be esercised in oint- 
ing out less distinctive types of rainfall from data K ased 
on a period as short as 20 years. For esample, in the 
case of Marietta, the first period, 1855 to 1874, indicates 
that rainfall in May is reater than in June, but the other 
periods do not show t a is, while for Manhattan, tlie first 
shows more rain iu June than in May, but the others 
indicate different1 . 

F z O A ~ U .  typ.-Tmport,ant seasonal variations in pre- 
ci it,ation nre found in the Florida Peninsula. Here rain- 
fa z; is comparatively light from November to May, inclu- 
sive, only from 2 to 3 inches occurring on the average in 
each month. During the ot.her 5 months it is usually 
heavy, particularly on the west coast during July a.nd 
August and on the east coast during September and Oc- 
tober. The maximum averages in these nioiitlis reach 
more than 10 inches. The heav rainfall on the west 

occasiondly visit the east coast during this season are 
responsible for the large averages there. The heavy 1at.e 
sunirner rainfall, charact,eristic of the Florida t e, ex- 
tends northward along the Atlantic and wes twas  along 
the Gulf coasts, radudly merging into the more uniform 

Eodern type.-This type is characterized by a c0mpa.r- 
atively uniforni distribution of preci itation throughoxit 

tricts. Tho rainftdl is, in general, however, lighter dur- 
ing the fall months tlmn in any other season. The arms 
having the niasiniurii average rainfall, tis shown 011 tho 
accom anying chart.s, for tl1e several months of the year 

from about 5 to somewhat. more th:m 6 inches, escept 
that froni June to September they are 5 to more than 
10 inches. Excluding a. few restricted localities, the 
monthly c1iart.s show this area to be 1ocat.ed ns follows: 
In Janutiry, i t  occupies the lower Mississippi Valley ; by 
February, it  is farther enst and orerlies the soutlierii por- 
tions of Mississippi and A41abamft; in Marcli, i t  iiiclucles 
the northern port,ions of these States wit,li estensions into 
northern Georgia, western Xort.1.1 Carolina, and east.crn 
Tennessee; in April, it  again appears in tlic lower Bfissis- 
sippi Vdley, while in 1la.y it  occupies woaterii Ar!.:nnsns 
and eastern OMalioniu. From June to Oct,ober, inclu- 
sire, it is found in the Florida Peninsula, but in Novem- 
ber, the only month with averages less than 5 inches, it  
occupies the Mississippi Valley from western Tennessee 

is, as to whether they would s F ow material alteration by 

the severid months, each woul d receive subst.tiutidly one- 

for hltiriett.a, Ohio; Madiatkan, Kans. ; an C Y  Sacramento, 

coast is due to thunderstorms, wh' 9 e tropical storins which 

distribution of t i: le Eastsrn type. 

the year, part.icularly in the centra P and northern dis- 

east o P tho Rocky Mount.nins, indicnt.e, in general, am0unt.s 
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southward, while in December it is restricted to lirnit,ed 
areas in northern Mississippi and arts of Louisiana (sco 
Charts I to XI). It will be notme B by referring to tigures 
3-6, that the ercentnge of the annual precipit,ution 
occurring in 0a.c P i of the four seasons in the area covered 
by the Enstern t 

plgiris i!yp.--Ris is a very import.ant type agricul- 
turitlly, covering, as it does, much of the great iiitrrior 
wheat and corn belt. It is characterized by generous 
rains in the late spring and summer months and wry  
li lit late-fall and winter precipitation. In portions of 
Zontana and over small areas in the Dakotas ant1 in 
eastern Colorado the total precipitation for tlic t,hrec? 
winter months averages less than one inch, Chart S I I I ,  
while over the remaining area between the Rocky Bloun- 
t,ains and a line extending from the Panhandle of ‘I’esas 
northeastward though central Minnesota., it is less t.hm 
2 inches. With the advent of warmer weat.lier. how- 
ever, the preci itation of this type increases rapidly. 

a large area immediately to t,he westward of the Missis- 
si pi River receives on the average more than 4 inches 

e is comparibtively uniform. 

I t  will be nokc Q by reference to the mont.hly c.hart,s thnt 

o P ra.infdl during each of the months of May, June, and 

FIG. 3.--Percentago of annual precipltatlon occurring during the whiter months, 
December-February. 

July, Charts V, VI and VII. The seasonal distribution 
in percenta e of the annual in much of the Plains is 

25 to 30 per cent; surnnier, 40 to 50 per cent; autunin, 
15 to 30 per cent. The amount of stored soil moistiire 
at the beginning of the growing season in much of t,he 
great grain-producing Plains region is not large, owin 
to tlic scanty winter precipit.ation, and here successfu 
crop production depends lnrgcly on the amount of rain- 
fall received during the period of actual growth. This 
is largely the reverse of coiiditions in the area covered 
by the Pacific type of recipitation. 

cent of the annual amount of precipitation occurs. 
April, May, and June are usually the months of least 
rainfall, and during the othcr months the distributioii is 
quite uniform. Summer rains in this area arc due laroely 
t.0 thunderstorms durin the warmer part of the Zay, 
while the aniouiit and 5 c istribution of winter rains de- 
pend mostly on the frequency and position in latitude 
of cyclonic disturbances entering the United States 
from the Paci5c Ocean. The Arizona type differs from 
the Plains type in that the heavier rains cover a shorter 

about as fo fi ows: Winter, less than 10 per cent; spring, 

7 

heary rainfa P 1 in July a ~ l d  August, when about 35 per 
Arizona t.y c.-The cistinctive P fent.ure of this type is 

period of the year, and also, in that precipitation occurs 
more frequently in the afternoon, while in We Great 
Plains it is of more frequent occurrence at night.’ 

FIG. I.--Pcmntngo of annual precipitation oeeurrlng during thesprlng months, March- 
May. 

annual amount 
spring, this 

FIG. 5.--Pcreentage of ~ m i u 1  precipitation occurring during the summer 
June-August. 

months. 

tnins and castern foot-hill region, but high percentages 
estend westward int.0 Idaho and Nevada and eastwar,d 
well into the Plains, figure 4; while in the summer the 

1 See “Daytime and nlghttime precl ltatlon and their eeonomlc sigglleanee,” J. B. 
Kincer, Mommy WEATEES RrvrEw,%ovember 1916, U: G25-W. 
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area appears still farther east and occupies the Plains 
proper, figure 5.  Thus as tho season progresses the area 
of relatively heaviest precipitation occupies successire 
localities from the Pacific coast to the interior Great. 

FIG. &-Percantage 01 annual ereeipitatim occurring during the autumn months. 
september-November. 

Plains. In  the area covered by the sub-Pacific ty e of 

the year, escept in the higher elevations of the moro 
northern Stnks, with nwicultural operations depending 
lar ly on irrigation or &-farming methods. 

Rci$e type.-This type is characterized by a marked 
winter concentration of precipitation and by a summer 

precipitation the actud amount is scanty throug $l out 

FIO. 7. 

dryness. In  the western portions of Washington and 
Oregon, from 40 to 50 pcr cent of the annual precipitation 
occurs, on the average, cluring the winter mpnths,De- 

cember-February, .cvhile in the southern portion of the 
area from 50 to GO per cent of the annual is received 

FIG. Y. 

during this period, figure 3. The average tot,al.for the 
wintcr senson ranges from more than 50 inches on the 
western slope of the Olympic Mountains in Washington 
to lcss than 4 inches i c  tho southern cnd of the great valley 

of California (Chart XIII). For the three spring months, 
chart SIV,  the amounts usuallv averawe about half aa 
large as for the winter, except that in tge Cascades they 
arc about two-thirds ns great. The proportion of the an- 
nual aniount, rectired during the summer months, June 
to August, figure 5 ranges from about 1 per cent in most 

Fro. B. 

of California to 10 per cent in the vicinity of the I'ugct 
Sound. The rainy season sets in over tho northern por- 
tion earlier than over the southern, the rainfall in Novem- 
ber, Chart SI, hecomiiig heavy in portions of Washing- 
ton and Oregon, t,his being, in fact, the month of the 

niasiniuni rainfall in sonie localities of that section. 
The precipitation in fall ranges from 30 per cent of the 
aiiiiual nniount in thc northern portion to 15 per cent in 
the south, figure 6. In  the nrea covered by the Pacific 
type of precipitation, fall-sown grain undcr the influence 

of c.ompnrativelv mild tcmpcrntures and ample moisutre! 
grows st.enclily during the winter season and matures after 
the cewsatinti of rain, largely utilizing the moist.nre stored 
in thc soil during thc wet winter months. 
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Figures 7 to 10 show for a number of represontative seen from figure 11 that the average annual number of 
localities, geogra hically a.rranged, the seasonal precipi- days with rainfall between 0.01 and 0.35 inch varies 
tation for each o P the 20 years on which the four seasons1 from 60 to 70 days in the east Gulf section to 120 days in 
charts arc: based. On thcse gra lis, the amount for the portions of the Lake region. It will also be noted from 
season in each year is represmtef; by a dot. These show ligures 13 u.nd 14 that excessive falls are much more 
for different localities the variations in the seasonal frequent in the Gulf section than in the central and north- . 
amount that may be expected to occur from year to ern districts. These conditions, together with the differ- 
year. ence in the amount of evaporation, largely offset the dif- 

Pic. 12.-Avrnigo annual number of days with preclpltntioa O X  tn 1.00 inch. 

EAIN’FAI,I, FllEQUENCY ANI) INTENSITY. 

In studving the relation of precipitation to plant devel- 
opment the question of frequmcy of occurrence and in- 
tensity of falls should be considered. In regions of ahund- 
ant rain there is a greater tendency to excessive ainouiit 
and, consequently, a much greater loss by run-off which 
cannot be utilized for plant growth. On the other hand, 
the awra. c? precipitation in a iven 10calil;y may be con- 

better distributed as to frequency of occurrence, and may 
siderab1,y 9 ess than in some ot i cr, but the ruins may be 

FIO. 14.--.\iwagc annual numkr 01 days with preclpltatlm more than 1.00 inch In 
an hour. 

ference between the actual amount of rainfall in the south- 
ern, and the centra.1 and northern districts. 

Figures 11 to 15 show, respectively, the average annual 
number of days with precipitation between 0.01 and 0.25 
inch; 0.36 to 1.00 inch: with morc than 3 inches in 24 
hours; with more than 1 inch in an hour, and the maxi- 
nium precipitation in 24 hours for the entire period from 
1895 to 1914. These charts indicate the relative fre- 
quency of recipitation of varying amounts in different 
sections. #hey are based on 200 regular reporting 
stations. 

Fio. 13.--b\-cragc annual number of days with precipitatlun over 2.00 inchcs. 

be less torrential in character for short periods, thus 
largely offsetting the difference in actual amount. For 
esnmple, the average amounts of precjpitation over the 
east:erii section of the Ulllted Sates inc,reiue from the 
northern districts sout.hwart1 to the Gulf region, lsut tho 
frequency of occurrence of moclcrute rains often in- 
creases in the opposite direction, this condition being 
especially marked during the spring months. It will bu 

FIG. U.--Marlmum preclpitation In 24 horn. 

In some isolated cases, much heavier rainfall than is 
indicated on figure 15 has h e n  recorded for 24 hours at 
substations of the Weather Bureau, particularly where 
topographic features of the immediate locality are such 
as to facilitate condensation and precipit.ation under 
farorable nip toorological conditions. However, the chart 
affords a general picture of the maximum. precipitation 
in 2.4 hours during the period covered, as it  is drawn to 
the records of all regular reporting stations. 
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GUBNORNBL RAINF.4LIa. 

In addition t,? the frequency and intensity of rainfall, 
it is important -in considering charts of average precipi- 
tation to take 1nt.o &$count the frequency of subnormal 
rainfall, or droughts, in. different sections of the country, 
especially those occurring dunng the warm or growing 

the lqngest eriod in 20 yenrs with siniilnr conditions 
prevailiw. f t  will be noted from f ipre  16 that from the 
central xppnlnchinn Mountain district northward to 
Lnlie Erie droughts of this chmacter occur on t!ie average 
only ahout 1 yenr in 3, which is also the case 1n portiops 
of tho Nort,licasts and Southenst. pnd in liniited areas in 
the lower Missouri nnd uppor Ihsissippi Valleys. The 

ercent.nge3 increase, as a rule, from t!ie Mississippi 
ealley westward, reaching 75 per cent in the cent;ral 
plains and 100 er cent in the extreine wostorn portion 
of that area. 8 i e  longest period in 90 yenrs of consecu- 
tive days without 0.25 inch of rainfall in 24 hours ranges 
from a niaxiinuin of about SO days in tvho westein Groat 
Plains to 40 in the upper Ohio Valley and central Appa- 
lachian Mountain districts. 

RAINFALL REQUIRED FOR CROP PRODUCTION. 

The timount of 
distribution for t 

usuallv considered that between 15 and 20 inches of 

.much of the country east of 
considerably less than tho 

FIG. 17 --PercPnt.age of T a r s  with 30 consecutive days or more without 0.25 inrh of mid 
faliin 21 hours fmrd Nm*h 1 to dcptemkr 30, for tho mymr peri,’iod, l%-lYl4. 

season in areas where rainfall is usually adequate for 
- vegetation. Figures 16 mid 17 show some ~nt~ereating 

hases of subnormal rainfall for the cyi i t ry  east of the 
gocky Mount.ains. The first named indicates the per- 
cenhge of yema with 30 consecutive days, or more, 
without 0.28 inch of rainfall in 24 hours for the period 
from March to September, inclusive, and the other shows 

annual precipitation, broadly s eaking, determines the 

can be successfully conducted by ordinar met o& and 
those where irrigation or other specia P xilethods are 
necessary; no hard and fast rule can be laid down in 
this connection, howover. There are, in some north- 
western Stlates, iriiport.ant miin areas which receive, on 
&he nvom e, less t.hnn I? in& of precipitation annually; 
in fact, w f eat is grown in soi!io places in that area where 
the averngo annual aniount..is only about 9 inches, but 
in such cases special care IS given to conservation of 
moisture. 

R dividing lino between arms w P lere farming o orations 
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Again, amountms of preci itation as large as those shown 
on avera e precipitation c R arbs occur usually in less than 

values; the amounts in 15 per cent of the years for the 
several months of the growing season in some of the 
principal agricultural regions are only about half as large 
as the 20-gear average. 

half of t a e years, particularly in the case of monthly 

SUMMARY. 

In  conclusion it ma be em hasized that, considering 
the areas covered a n 8  their cfiinatic importance, there 
are three major tm pes of seasonal distribution of pre- 
cipitation in the 6nited Sbat,es. These are t.he Pacific 
type, with a marked winter concentration; the. Plains 
type, with relatively heavy rainfall in tho late spring and 
earl summer; and the East.ern ty  e, with comparatively 

and Florida types are pronounced in clinract,er, but the 
areas coverod are conipnrat.ively small and consequently 
their climat,ic significance is less importsnt. The Sub- 
Pacific ty  e is not only less marked in dist,inguisliing 

precipitation is scanty throughout t ie year in much of 
the area covered by it, which, in considerable sections, 
precludes extensive crop growth without the omploynlont 
of special niethods of conservation of soil moisture or 
tho artificial application of water to growing vegetation. 

uni P orm distribution throughout; t F le year. The Arizona 

features t R an most of the niajor ty es mentioned, but P 

SOME CHARACTERISTICS OF THE RAINFALL OF THE 
UNITED STATES. 

By Prof. ROBERT DEC. WARD. Harvard IJniversity. 

(Ahrtraet from tlie Scicntiflc Monthly, September, 1919, TO]. 0, 1~p. 210-223.) 

Prof. Ward in this interesting and valuable biblio- 
aper discusses in considernblc detail various 

In- 
cluded in these are the an1iut11 and monthly variability; 
the niasinium duration of rainy periods (consecutive clays 
with rain) and of clry periocls (consecutire days without 
rain) ; droughts ; hourly frequency of rai:ifall; escessive 
falls; and secular variations in the amount of precipita- 
tion. 

The importance of a knowledge of the probable limit 
in the variations from year to genr from the aveFage rain- 
fall is emphasized, especially from the stand oint of the 

centage variations from the mean are larger where the 
apnual amounts me smaller. The following table is pre- 
sented to shorn in a eneral way the ratios of the we.ttmt 

rainfall phenonicna in the United States. 

farmer and the engineer. J t  is pointed out t P iat the per- 

and driest years to t gi le mean fall: 

8 Arerngo Arrrago ’ 
of \vet- ofdrl- I i l  test year. est year. 

Mean fall. 

Pur emf .  Per cent. 
50-60 .................. 141 70 1 
40-50 .................. 143 64 
a M o  .................. iw 64 
5-30 ................... I ‘ I  178 55 I 

Inchm. 

I I I I 

The niean annual variability of rainfall a t  New York 
is only 0 per cent, while at San Francisco i t  is 25 er cent. 
In  addition to the annual variability, Prof. Ward !iscusses 
monthly variations and cites some pro!iounced cases. 

The mnximum number of consecutlve days recorded 
during the period of record with and without precipita- 

tion is a matter of considerable genera.1 interest. This, 
of course, refers to the estremc for the entire period of 
record and not to the annual occurrences. Over most 
of the country the longest period of consecutive days 
with rain ranges from 10 to 20. These conditions are 
characteristic of most districts east of the Rockies, 
except in the extreme southern Great Plains. Along 
the north Pacific coast more than 30 consecutive days 
with ra.in have been recorded. From 15 to 30 days 
have elapsed wit,hout precipitation over most of the 
eastern district and from 30 to 60 days in much of the 
Great Plains and in the northern plateau and north 
Pacific Provinces. In  the arid southwest over five 
months have been esperienced without precipitation. 

Escessive rainfall may result either from short, heavy 
downpours, or from lighter, but longer continued rain- 
fall. In  general, rains of the fornicr type do the most 
damage, a l thouh disastrous floods occnsionally result 
from rainfall of the latter type, pnrticuln.rly wlieii a 
heavy, warm rain with wind occurs when a deep snow 
cover is on the ground 

As rcgarcls the niasiinuni limit of escessive falls, an 
esaminatioii of available dnt,a. shows that 30 inches of 
rainfall in a nionth is not often esceeded, although a 
niasiniiim of over 70 inc.lies was recorded in a single 
nion th n. t  Helen mine, California. The masinium daily 
fall of record in the United States is 22.23 inches, at  
Altnpass, Mitchell County, N. C., 011 July 14-15, 1916. 
Very intensive rainfall, but of short duration, is soine- 
tinies esperienced. In  a record “cloud-burst” at  Campo, 
Calif., August 12, 1S91, 11.50 inches of rain fell in 80 
niiiiutes, or at the rate of about 8.50 inches in an hour, 
In  soine “cloud-bursts” the rate has actually been as 
high as 16 to 1s inches in an  hour, but such intense falls 
continued for very short periods oiily.’ 

Popular belief in a “cha.iige” of climate goes back to 
the early decades of the settlement of the United States 
and frequent mention of the subject occurs iu literature. 
Prof. Ward reviews a t  some length the avnilable litcra- 
ture dealing with various investigations aiid conclusions 
drawn therefrom relative to lorig-period fluctuations in 
raiiJa.11, based on both instrumental records and non- 
iiistrumentn.1 evidence. Actual rniiifnll recorrls available 
in this country are too short to give any definite indica- 
t,ion of secular varin t,ioiis. The longest cover n. period of 
only a.hout 100 yews and few stetions lime records of 
11iore than 50 years in length. While ti study of these 
shows more or less definite and rcc.ognizable. long-period 
fluctuations, they appear to he largely localized and no 
rlefinite conclusioi~s can be drawn for estended arcas. 

In  the case of noninstrumentnl evi&wce, such as the 
nieasurenient of the thickness of the rings of trees of 
great a e, as wa.s recently donc by Profs. A. E. Douglass 
and El f sworth Huntington, Prof. Ward points out that 
climatologists agree that such evidence is in a wholly 
different category from that of actua.1 ra.in-gage records, 
in that the former can not possibly be subjected to the 
Same rigid analysis and scrutinx as in the case of the 
latter. After reviewing the .attitude of climatologists 

noninstrumezltal evldence of climatic changes, regardillf he conc udes that the conservative climatologist may 
well remain open minded on the whole question. 

Rkewer’s noic.-To give sosne indica tiozl of long- 
period fluctuatioii in this country, as evidenced by actual 
gage records, the accompaiiying graph, figure 1, is pre- 
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